Han-green building is one of the modernized Korean traditional buildings developed by Korea Forest Research Institute. This building was developed to increase the competitiveness of Korean traditional building using state-of-art technologies; hence Han-green building has the inherent characteristics of traditional building such as exposed wood frame in wall. Because of discontinuity in wall by the exposed wood frame, there is a concern on heat-air leaking in terms of energy performance. In this study, air-tightness of Han-green building was evaluated to investigate the influence of gaps between frames and in-fill walls. Blower door test was carried out to evaluate the air-tightness, and air-change rate (ACH50) was evaluated by averaging four set of pressurization and depressurization test. The air-change rate of Han-green house was 5.91 h -1
INTRODUCTION
Nowadays, the Korean government has recognized the importance of Korean identity and branding a national architectural style with value. Through the technical development for modernization of Korean traditional building, Korean government set a goal to improve the quality and value of Korean traditional buildings. As a result of the efforts, Korea Forest Research Institute (KFRI) developed a modernized Han-ok, named as "Han-green". There is world-wide interest in energy saving of residential building. According to statistics 2008 of KEEI (Korea Energy Economics Institute), heating energy accounts for higher than 10% of national energy consumption in residential building. The modernized Han-ok, Han-green, consist of glulam post and beam as load-bearing members and in-fill wall of light frame. In this type of building, the in-fill wall is not structural element and it just divides space into rooms. The glulam posts and beams are exposed in both sides as Fig. 1 shows. There might be small gaps between frames and in-fill walls, and the gap might be bigger with time because of difference in shrinkage rate. Because the heated air can be leak through this gap, air-tightness need to be checked whether the glulam frame and in-fill wall efficiently prevent heated air fromleaking or not. Moreover, to estimate the heating energy demand, air-tightness is one of basic input variables with thermal insulation property. Therefore, the air-tightness of Han-green house needs to be evaluated for further studies on energy efficiency.
Many researches on air-tightness have been carried out. Blower door test method is widely used to evaluate air-tightness. Extensive researches have been carried out by the blower door test to measure the air-tightness of residential building in a specific region ( This study is a part of effort to improve the energy efficiency of Han-green house. For the first step, this study was aimed at the evaluation of the air-tightness of Han-green house, because air-leakage had been expected to be main cause to decrease energy efficiency of Han-green house. Also, the influence of air-leakage on energy efficiency was investigated by preventing heated air from leaking between frame and in-fill wall by taping.
MATERIALS and METHODS

Materials
Two year old Han-green house in Korea National Arboretum, Gwang-neung, Gyeonggi-do was chosen as a specimen ( . This building had 180 mm by 180 mm glulam post and in-fill walls which were made of 38 mm by 140 mm stud, gypsum board and OSB (Fig. 2) . The glulam post & beam frame was exposed as Fig. 1 shows and air-leaking was expected to be occurred as Fig. 2 shows.
Methods
Air-tightness Evaluation by Blower Door Test
Air-tightness was evaluated by the blower door test following ASTM E 779-03. In this study, Minneapolis Blower Door Model 3 (The Energy Conservatory co. ltd.) was used (Fig. 3) . The blower door was installed at the gate of the building as Fig. 4 shows. During the test all windows and other doors in building envelope were closed and inside doors were open. For pressurization, the fan in the blower door blew air from outdoor to indoor and the fan measured the air volume (CFM50) blown to make 50 Pa of pressure difference between outdoor and indoor. For depressurization, the blow direction was switchedand the air volume was measured in the same manner. Four sets of pressurization and depressurization were carried out. The mean value of the four test sets was used for analysis.
For air-tightness evaluation, air-change rate at pressure difference of 50 Pa (ACH50) is widely used. The calculation of ACH50 requires the amount of air flow (CFM50) to keep a specific pressure difference between indoor and outdoor as an input. The CFM50 was measured by blower door test. Air-change rate at 50 Pa pressure (ACH50) of Han-green house was calculated by Eq. 1.
Where, ACH50 is air-change rate (h ) and CFM50 is total airflow through the building envelope (ft 3 /min) when there is 50 Pa pressure difference between indoor and outdoor. In Eq. 1, number '60' is just for changing unit from per minute to per hour.
Estimated of Energy Consumption
The energy performance of Han-green house was evaluated by commercial software, CE3 simulation (P&D soft co. ltd.). The CE3 software was developed with consideration of domestic situation, based on international standards ISO 13790 which follows the European EPBD (Energy Performance of Building Directives) and German evaluation standards DIN 18599.
Floor space, volume and composition of the wall of the first and second floor were used as input variables of CE3 simulation. The ACH50 evaluated at 2.2.1 was also used in this simulation.
Thermal Images to Look for Heat-air Leaking
Thermal images of Han-green house were (Fig. 5 ).
Influence of Gaps Between Frames and In-fill Walls on Air-tightness
To investigate the influence of gaps between frames and walls on air-tightness and energy efficiency, all possible air-leaking areas between frames and walls were blocked by taping as Fig. 6 shows. The blower door test and CE3 simulation were conducted in the same way and all input variables except air-change rate (ACH50) was the same as the simulation without taping. For the air-change rate (ACH50), the mean value of four tests with taping was used. Lastly, heating energy demands and annual energy demands were compared with the simulation without taping. Table 1 shows air-change rate (ACH50) evaluated by blower door test. Four pressurization/depressurization method were carried out and the mean value of the four test results. It showed that mean air-change rate (ACH50) of Han-green house was 5.91 h Table 2 shows that Han-green house has lower air-change rate (ACH50) than USA, UK, Belgium and is similar to Finland in 80∼90's. Also, it shows much better performance than Chung-cheong, Korea, which might be the in vestigation of reinforced concrete (RC) building because most residential building in Korea is RC. This lower air-change rate (ACH50) means that Han-green house has relatively better airtightness performance than other countries except cold region countries such as Finland, Norway and Canada. It is noticeable that the air-tightness of Han-green showed much better performance than the results of Chung-cheong region in Korea.
RESULTS and DISCUSSIONS
Air-tightness of Han-green House
Thermal Images to Look for Air Leaking
Thermal images of Han-green house were taken in winter with heating, to find where the heat loss occurred. The bright part of the thermal imaging means heat loss. As Fig. 5 shows, the heat loss of Han-green house mostly occurred between the post / beam frames and in-fill walls than other post & beam of this building.
Additionally, the Han-green building has a concrete foundation, and floor heatingsystem was installed on the foundation with thin insulation film. From analysis of thermal images, heat conduction through ground is one of the main causes of heat loss. However, this study focused on improvement of energy efficiency of timber structure and the problem in heat conduction of concrete foundation need to be dealt in future.
Influence of Gaps between Frames and Walls on Energy Consumption
Based on thermal image analysis, the gaps between frames and in-fill walls might be a passage of heated-air leak. Therefore, all possible air-leaking area between frame and in-fill wall were blocked by PVC tape (K&T co. ltd.). By comparison of air change rate from the result without taping, it was investigated how much heated air can leak through the gap.
Mean air-change rate (ACH50) without tap . Blocking the possible air-leaking area improved the air-tightness in 11.2%. This means that air can leak between glulam frame and in-fill wall and it need to be carefully considered when this type of building is designed. Table 3 was the result of annual heating energy demand from CE3 simulations. Annual heating energy demand was 134.5 KWh/m²ㆍa without taping, but it decreased to 130.7 KWh/m² ㆍa by taping. Accordingly, 3.8 KWh/m²ㆍa (2.8%) can be saved by taping the gaps. In other words, 0.38 ℓ/m 2 of fossil fuel per unit floor area can be saved for a year by blocking airleakage between frame and in-fill wall. However, because air-tightness makes smaller effects on energy consumption in building than other factors such as wall composition, the block of the gap by taping reduced only 2.8% of heating energy demand.
Heating Energy Demand
As it mentioned in previous clause, Hangreen house has relatively high air-tightness performance comparing other countries, even though the heated air can leak between frame and in-fill wall. However, for improvement of energy efficiency and development of low-energy building, the gaps need to be carefully dealt.
CONCLUSION
Air-tightness of the post-beam timber frame house, Han-green house, was measured by blower door test. It was concluded that Hangreen house has relatively high air-tightness performance comparing with other countries, even though heated air can leak through the gaps between frames and in-fill walls.
The gaps between frames and in-fill walls were expected to provide a great passage of heat loss. Based on the comparison the air-tightness from the test result preventing heated air leakage through the gaps, the air leakage through the gaps decreases the air-tight performance by 12%. Therefore, when improving energy efficiency of the post and beam building which has exposed wood frame for the aesthetic features of the building, the detail design between frame and in-fill wall needs to be dealt with care.
